The prognostic value of a coronary artery jeopardy score was evaluated in 462 consecutive nonsurgically treated patients with significant coronary artery disease, but without significant left main coronary stenosis. Thejeopardy score is a simple method for estimating the amount of myocardium at risk on the basis of the particular location of coronary artery stenoses. In patients with a previous myocardial lnfarctlon, higher jeopardy scores were associated with a lower left ventricular ejection fraction. When the jeopardy score and the number of diseased vessels were considered individually, each descriptor effectively stratified prognosis. Five year survival was 97% in patients with a jeopardy score of 2 and 95,85,78,75 and 56%, respectively, for patients with a jeopardy score of 4, 6, 8, 10 and 12. In multivariable analysis when only jeopardy score and number of diseased vessels were considered, the jeopardy score contained all of the prognostic information. Thus, the numSince the earliest reports of coronary angiography. the extent of coronary artery narrowing has been considered a primary determinant of survival in patients with coronary artery disease. The early "natural history" studies from the Cleveland Clinic (1,2) categorized patients according to whether one, two or all three of the major coronary arteries were involved. Subsequent studies of patient outcome with nonsurgical (3-8) and surgical (9,10) therapy have relied on a similar c1as- 985 by (he American College of Cardiology ber of diseased vessels added no prognostic information to the jeopardy score. The left ventricular ejection fraction was more closely related to prognosis than was the jeopardy score. When other anatomic factors were examined, the degree of stenosis of each vessel, particularly the left anterior descending coronary artery, was found to add prognostic information to the jeopardy score.
ber of diseased vessels added no prognostic information to the jeopardy score. The left ventricular ejection fraction was more closely related to prognosis than was the jeopardy score. When other anatomic factors were examined, the degree of stenosis of each vessel, particularly the left anterior descending coronary artery, was found to add prognostic information to the jeopardy score.
Thus, the jeopardy score is a simple method for describing the coronary anatomy. It provides more prognostic information than the number of diseased coronary arteries, but it can be improved by including the degree of stenosis of each vessel and giving additional weight to disease of the left anterior descending coronary artery. Other factors, especially left ventricular function and the functional status of the patient, must also be considered when prognostic estimates are made.
(J Am Coli CardioI1985; 5:1055-63) sification of coronary anatomy. In addition, randomized clinical trials of coronary artery bypass grafting (11) (12) (13) (14) have used the number of diseased coronary arteries as the basis for investigating the therapeutic benefit of surgery. Although the simple division into one, two and three vessel disease has provided a convenient scheme for classifying patients, it may underestimate the potential importance of coronary anatomy as a prognostic factor. Some clinicians have proposed that the total amount of myocardium in "jeopardy" is one of the most important anatomic determinants of survival (15) . The amount of myocardium in jeopardy can be defined as the sum of the amount of myocardium distal to each lesion in the coronary artery tree.
A coronary artery .'jeopardy score" was developed to estimate the amount of myocardium at risk based on the usual distribution of the coronary arteries (16) . The score was found to predict the degree of left ventricular dysfunction resulting from spontaneous or pacing-induced ischemia in patients with coronary artery disease (17) and to provide some insight into patient selection for left ventricular aneurysmectomy (18) . It has not been tested previously, how-ever, as a predictor of outcome in the general population of patients with coronary artery disease. The purpose of this investigation was to determine: I) the prognostic value of the jeopardy score, 2) the amount of prognostic information provided by the jeopardy score in addition to that provided by the number of diseased vessels, and 3) the adequacy of the jeopardy score as a descriptor of the prognostic importance of coronary anatomy. For purposes of determining the jeopardy score, the coronary circulation is considered as six arterial segments: the left anterior descending artery, the major anterolateral (diagonal) branch, the first major septal perforator, the left circumflex artery, the major circumflex marginal branch and the posterior descending artery. In patients with a left dominant system, the right coronary artery is assigned no points. Each segment with a 75% or greater luminal diameter reduction is given a score of 2 points (Fig. I) . Each vessel distal to a 75% or greater stenosis is also given a score of 2 points. For example, a patient with a significant stenosis of the left anterior descending artery proximal to the takeoff of the first major septal perforator and the first major anterolateral (diagonal) branch would be assigned a score of 6 points: 2 points for the left anterior descending artery and 2 points for each vessel distal to the lesion (septal perforator and anterolateral branch). Thus, the maximal number of possible points is 12. In our study, 75% or greater stenosis rather than a 50% or greater stenosis of a coronary artery was considered significant because of recent work (19) indicating that a 50% stenosis is of limited short-term prognostic significance.
The assignment of the coronary artery jeopardy score was made by two members of the study team (M.H. and H.P.) after reviewing the coronary artery tree. When a score could not be assigned with confidence, the film was re-
Methods
Study patients. The study group included 462 consecutive patients who met the following criteria: I) cardiac catheterization between January I, 1974 and January 1, 1977; 2) significant coronary artery disease (2:75% luminal diameter narrowing of at least one major coronary artery) (19); 3) presence of suspected angina; 4) absence of congenital heart disease, previous cardiac surgery or significant valvular heart disease other than mitral regurgitation secondary to ischemic heart disease; 5) absence of 50% or greater stenosis of the left main coronary artery; and 6) absence of coronary artery bypass grafting as a form of therapy within 6 weeks after catheterization. Patients with left main coronary artery stenosis were excluded because their outcome with surgical and nonsurgical therapy has been described in detail (20) (21) (22) . Furthermore, nonsurgically treated patients with left main coronary disease may represent a select population, since the standard of practice at our institution during this time was to perform surgery on these patients unless the coronary anatomy was unsuitable or comorbid diseases were present. Surgical patients were excluded because this intervention is designed to alter the significance of particular coronary lesions. The group of patients in the present study represents the broad spectrum of patients with coronary artery disease in terms of coronary anatomy, left ventricular function and symptomatic presentation. A summary of their baseline characteristics is shown in Table I .
Calculation of jeopardy score. Coronary angiograms were performed in multiple left and right anterior oblique projections. They were interpreted prospectively by at least two of the same three experienced angiographers. The interpretation of each angiogram was also checked by the staff cardiologist responsible for the care of the patient. Differences of opinion were resolved by measuring the lesion, although objective measurements were not routinely used when subjective consensus was reached.
A detailed coronary artery tree diagram was completed prospectively for each patient during the study period. The coronary tree showed the exact location of each lesion in the consensus opinion of at least two of three experienced angiographers. An interobserver reliability study and pathologic correlation (23) 
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Results
Left ventricular function (ejection fraction). The relation of the jeopardy score to the median left ventricular ejection fraction for patients with a history of prior myocardial infarction is illustrated in Figure 2 . Overall, a sig nificant relation is found (p = 0.01). A trend toward decreasing ejection fraction with increasing jeopardy score is present when patients are grouped according to the number of diseased vessels; however, this trend reaches statistical significance only in patients with two vessel disease (p = 0.(08).
Survival. The survival of the entire group of study patients according to the number of diseased vessels is shown in Figure 3A ; survival according to the coronary artery jeopardy score is presented in Figure 3B . The figures demonstrate that both number of diseased vessels and jeopardy score effectively stratify prognosis. Corresponding yearly survival rates. the number of patients reaching each yearly interval and standard errors of survival estimates are presented in Table 2 . Figure 4 illustrates the prognostic information pro vided by the jeopardy score after the number of diseased vessels is known. The 5 year survival is 97% for patients with one vessel disease and a jeopardy score of 2. 100% for patients with a jeopardy score of 4 and 84% for patients with a described. to the total LR r statistic resulting when two anatomic descriptions were included together in the Cox model (jeopardy score and each of the other two). The calculations were performed: I) considering in the model only the coronary anatomic factors listed previously; and 2) after including relevant clinical variables in the model.
viewed. These determinations were made without knowledge of the eventual outcome of the patient.
Information system and statistical methods. The informationsystem, definitions and method of follow-up study have been described previously (5) . Briefly. a description of the history. physical examination, ancillary testing and cardiac catheterization is collected prospectively for every patient and entered into a computerized data bank. Followup. which is 99% complete. is done prospectively at regular intervals.
Correlations between jeopardy score and ejection fraction were evaluated using the Spearman rank correlation coefficient. Cumulative survival rates were calculated using Kaplan-Meier life table estimates from the day of cardiac catheterization (24) . Patients who initially were treated medically and then underwent surgery were included in the life tables until the time of surgery and then were censored. Breslow's formulation of the Cox proportional hazards model was used to determine whether individual characteristics contributed independent prognostic information (25) .
The prognostic information contained in each of three description s of coronary anatomy (jeopardy score. presence or absence of significant coronary disease in each artery and maximal percent stenosis in each coronary artery) was evaluated in two ways. First, each anatomic description was considered separately in the Cox model and a likelihood ratio chi-square statistic (LR ,i) was generated (26) . The magnitude of this statistic provides an index of the amount of prognostic information contained in a given variable. However, the statistic is also influenced by other factors such as sample size. Therefore. we also calculated an index of the prognostic' 'adequacy" or relative prognostic content of each anatomic description. This index was formed by taking the ratio of the individual LR r statistics. as just jeopardy score of 6 (Fig. 4A ). For patients with two vessel disease (Fig. 48) , the 5 year survival is 86, 82, 80 and 72% for patients with a jeopardy score of 4, 6, 8 and 10, respectively. For patients with three vessel disease (Fig. 4C) , the 5 year survival is 1()()% for the 16 patients with a jeopardy score of 6, 77% for those with a jeopardy score of 8, 75% for those with a jeopardy score of 10 and 55% for those with a jeopardy score of 12. These data ± standard errors of the estimates are presented in Table 3 . Figure 5 demonstrates the lack of additional prognostic information provided by the number ofdiseased vessels once the jeopardy score is known. The survival of patients with three vessel disease and a jeopardy score of 6 is shown to be greater than that of patients with one and two vessel disease and a jeopardy score of 6 (Fig. SA) . Patients with a jeopardy score of 8 or 10 ( Fig. 58 and C) are shown to have similar survival curves, regardless of the number of diseased vessels. Table 4 provides details of these graphs at yearly follow-up intervals.
When the jeopardy score and the number of diseased coronary arteries are compared using the Cox proportional hazards model, the jeopardy score contains all of the prognostic information (K = 11.2). The number of diseased vessels adds no significant prognostic information (K = 0.1). Importance of other clinical factors, Table 5 displays the results when other important prognostic characteristics from the history, physical examination, chest X-ray film, electrocardiogram and cardiac catheterization are added to the model. Although the left ventricular ejection fraction is the single most important characteristic, the jeopardy score provides independent prognostic information (K = 5.4, P = 0.02). Descriptors of peripheral vascular disease, noninvasive indicators of myocardial dysfunction and the characteristics of the patients' ischemic symptoms also contribute independent prognostic information.
Adequacy of jeopardy score, To test the adequacy of the jeopardy score as a descriptor of coronary anatomy, the presence of significant coronary artery disease in each vessel and the maximal percent luminal diameter narrowing in each coronary artery were studied with the Cox model. When only the presence of significant disease in each vessel and the jeopardy score are included in the model, jeopardy score is more important, and little information is added by the (Table  6 ), the jeopardy score accounts for 88% of the prognostic information provided by combining these variables, while the presence of significant disease accounts for 74% of the prognostic information. By this measure, the jeopardy score is a more "adequate" descriptor of coronary anatomy than is the simple description of whether or not each vessel is significantly diseased. When the jeopardy score and the square of the percent luminal diameter narrowing in each vessel are considered, the jeopardy score is only 74% "adequate" and the percent stenosis is 90% "adequate." After adjusting for other clinical variables, the jeopardy score and the presence or absence of significantdisease provide similar amounts of prognostic information, but the square of the percent stenosis provides more information than does the jeopardy score.
--------------------
Discussion
The jeopardy score is a simple method of estimating the amount of myocardium at risk. The clinician can calculate it easily while viewing the results of coronary cineangiog- raphy. The jeopardy score was developed on the basis of assumptions about the importance of myocardium at risk (15) . However, until now, it has not been tested as a prognostic factor in a large number of patients.
Jeopardy score versus number of diseased vessels. Our study demonstrates that the jeopardy score is superior to the number of diseased vessels as an indicator of survival in patients with coronary artery disease. The improvement in prognostic stratification probably results from the weighting of the jeopardy score, so that proximal lesions are given more weight than distal lesions and so that the left anterior descending artery and left circumflex artery are weighted more heavily than the right coronary artery. A previous study (17) had indicated that the weighting was appropriate because the amount of deterioration in left ventricular function during spontaneous or pacing-induced ischemia was related to the jeopardy score. Other studies also indicate that proximal lesions are of greater prognostic significance than more distal lesions in the same vessel. A proximal left anterior descending lesion has frequently been found at autopsy in patients dying of myocardial infarction (27) . In patients with prior myocardial infarction (28) and one vessel coronary artery disease (29) , the proximal left anterior descending coronary lesion has been found to be associated with an adverse prognosis.
Left ventricular function. A central theme of the jeopardy score is that the amount of myocardium that is damaged in acute infarction is related to the amount "in jeopardy" as estimated from the coronary anatomy. The finding that the left ventricular ejection fraction is related to the jeopardy score in patients with a previous myocardial infarction supports this concept. A human autopsy study (30) recently found that the amount of infarcted myocardium was directly proportional to the amount of myocardium distal to the vascular tree of the infarct-related vessel.
Survival. The multivariable analyses in our study demonstrate that in patients without left main disease, the left ventricular ejection fraction is a more potent predictor of survival than is coronary anatomy. Similar results were obtained in the Coronary Artery Surgery Study (8) . Although jeopardy score adds independent prognostic information, other factors must be considered in predicting the survival of patients with coronary artery disease. In particular, the presence of peripheral vascular disease, the severity of anginal symptoms and noninvasive indicators of left ventricular dysfunction must be evaluated (5) .
Our study group represents a broad spectrum of patients with coronary artery disease ( Table I) . Many of the patients had progressive symptoms (58% New York Heart Association functional class IV, 6% preinfarctional angina, 34% progressive angina), and functional testing was not done in many of these highly symptomatic patients. For this reason, the prognostic value of functional testing is not addressed by this study. The exercise treadmill test (31) , exercise radionuclide angiography (32) or exercise thallium scintigraphy (33) may add prognostic information beyond the coronary anatomy in particular subsets of patients.
Other anatomic factors. The finding that the maximal percent luminal diameter narrowing in the left anterior descending and right coronary arteries adds independent prognostic information to the jeopardy score is consistent with physiologic principles. The jeopardy score only considers the location of the lesion, and all lesions of 75% or greater luminal diameter narrowing are considered equivalent.
Coronary flow, however, is limited by the percent reduction in patency (34) , and "tighter" lesions may be more likely to become completely occluded (35) . The results of our analysis also indicate that the degree of stenosis of the left anterior descending artery should be given greater weight in the jeopardy score. Other factors, such as the presence of serial lesions, the length of the lesions and the presence of collateral vessels, also may be important in the relation between coronary anatomy and mortality. Furthermore, quantitative measurement would certainly provide a more adequate estimate of the prognostic significance of each lesion. However, with the addition of each new factor, the calculation of the risk based on coronary anatomy becomes more cumbersome. As the difficulty in calculation increases, the likelihood that the score will achieve wider clinical usage decreases.
Previous coronary anatomy scores. Other coronary anatomy scores have been published on the basis of clinical observation or laboratory data. Humphries et al. (36) devised a scoring system in which each major arterial system was assigned a score of I to 5, with equal weight given to each artery. Although the score was found to be related to survival, no attempt was made to determine whether differential weighting of the left anterior descending, left circumflex and right coronary arteries would have provided a more accurate stratification of patient outcomes. Leamon et al. (37) recently proposed a coronary anatomy score that was based purely on laboratory investigation. This score has not been tested in a clinical setting. Gensini (38) has devised an elaborate system of scoring the coronary arteries that can be calculated as part of a computerized cardiac catheterization report. This grading system more effectively stratified prognosis in a large group of patients than did the number of diseased vessels (39) . The relative weights for each of the anatomic factors were derived from clinical intuition. The possible improvement in quantitative prog- 
Summary.
The jeopardy score is a simple, effective scoring system for quantifying the amount of myocardium at risk. The clinician can use the jeopardy score to provide a more accurate prediction of survival than can be accomplished with using the number of diseased coronary arteries. However, the jeopardy score does not consider all the important aspects of coronary anatomy; consideration of the percent luminal diameter narrowing of the vessel, additional weighting of the left anterior descending coronary artery and other anatomic factors may further improve the ability of the jeopardy score to predict outcome. Other factors, particularly left ventricular function and the functional status of the patient, must also be considered in the evaluation of the prognosis of patients with coronary artery disease.
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